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The  following  publ ication*,  which  have  boon  published 
or  art  In  preparation ,  have  been  supported  by  this  Contract . 
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thrombin  catalyzed  conversion  of  fibrinogen  to 
fibrin . 
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lO)  LeBoeuf,  R.D.,  Gregg,  R.R.,  Fuller,  G.H.  and 
Weigel,  P.H.  Hyaluronic  acid  affecta  the  rate  o£ 
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Coplea  of  Publlcatlona  1-7  ere  encloaed.  When  the  other 
aanuacrlpta  crediting  aupport  by  thia  contract  are 
publlahed,  reprinta  will  be  forwarded  to  ONR. 


The  objectivea  of  the  original  contract  propoaal  were 
the  following: 

1.  To  characterize  the  apecific  interaction  between 

hyaluronic  acid  and  fibrin  or  various  fibrin-baaed 
aatrlcea. 

2.  To  iaolate  and  characterize  factora  from  plasma, 

aerua  or  cella  which  apecifically  bind  to  hy¬ 
aluronic  acid  and/or  alter  ita  binding  to  fibrin. n 

3.  To  deteraine  th<  ability  of  varioua  purified  blood 

cell  typea  to  ayntheaize  hyaluronic  acid  and  to 
deteraine  the  influence  of  varioua  fibrin-baaed 
aatrlcea  on  auch  ayntheala. 


The  firat  objective  waa  coapleted  during  the 
contract,  period  and  theae  atudiea  reaulted  in  the 
publlcatlona  Hated  above.  Due  to  tlae  con- 
atralnta  and  expanalon  of  objective  1,  only  pre- 
liainary  experiaenta  were  perforaed  for  the  aecond 
objective  and  the  third  objectlvea. 
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Two  iaportant  and  novel  findinga  ware  obtained  aa  a  re- 
of  thia  contract. 

<i)  Foraulatlon  of  a  novel  aodel  for  the  early  atagea 
of  the  wound  healing  proceaa  involving  hyaluronic  acid 
and  fibrin  .  <•  ■  - 

<il>  Deaonatration  that  fibrinogen  apecifically  binda 
to  hyaluronic  acid. 

i - 


A  model  was  presented  outlining  the  wolecular  and  cellular 
events  that  occur  during  the  early  stages  of  the  wound  heal¬ 
ing  process.  The  underlying  these  is  that  there  is  a 
specific  binding  interaction  between  fibrin ,  the  »a)or  clot 
protein,  and  hyaluronic  acid  (HA>,  a  constituent  of  the 
wound  extracellular  matrix.  This  binding  interaction,  which 
could  also  be  stabilized  by  other  cross-linking  components, 
provides  the  driving  force  to  organize  a  three-dimensional 
HA  matrix  attached  to  and  interdigitated  with  the  initial 
fibrin  matrix.  The  HA-fibrln  matrix  plays  a  major  role  in 
the  subsequent  tissue  reconstruction  processes.  We  suggest 
that  HA  and  fibrin  have  both  structural  and  regulatory 
functions  at  different  times  during  the  wound  healing  pro¬ 
cess.  The  concentration  of  HA  in  blood  and  in  the  initial 
clot  la  very  low.  This  is  consistent  with  the  proposed  in¬ 
teraction  between  HA  and  f ibrin<ogen> ,  which  could  interfere 
with  either  fibrinogen  activation  or  fibrin  assembly  and 
cross-linking.  We  propose  that  an  activator  <e.g.  derived 
from  a  plasma  precursor,  platelets  or  surrounding  cells)  is 
produced  during  the  clotting  reaction  and  then  stimulates 
one  or  more  blood  cell  types  to  synthesize  and  secrete  HA 
into  the  fibrin  matrix  of  the  clot.  We  predict  that  HA  con¬ 
trols  the  stability  of  the  matrix  by  regulating  the  degrada¬ 
tion  of  fibrin.  The  new  HA-fibrln  matrix  increases  or 
stabilizes  the  volume  and  porosity  of  the  clot  and  then 
serves  as  a  physical  support,  a  scaffold  through  which  cells 
trapped  in  the  clot  or  cells  infiltrating  from  the  per¬ 
ipheral  edge  of  the  wound  can  migrate.  The  HA-fibrln  matrix 
also  actively  stimulates  or  Induces  cell  motility  and 
activates  and  regulates  many  functions  of  blood  cells,  which 
are  involved  in  the  inflammatory  response,  including 
phagocytosis  and  chemotaxis.  The  secondary  HA-fibin  matrix 
itself  is  then  modified  as  cells  continue  to  migrate  into 
the  wound,  secreting  hyaluronidase  and  plasminogen  activator 
to  degrade  the  HA  and  fibrin.  At  the  same  time  these  cells 
secrete  collagen  and  glycosamlnoglycans  to  sake  a  more 
dif ferentiated  matrix.  The  degradation  products  derived 
from  both  fibrin  and  HA  are,  in  turn,  important  regulatory 
molecules  which  control  cellular  functions  Involved  in  the 
inflammatory  response  and  new  blood  vessel  formation  in  the 
healing  wound.  The  proposed  model  generates  a  number  of 
testable  experimental  predictions. 

D.  Hyaluronic  acid  binding  to  human  flbrin<oqen) 

Our  studies  concerning  hyaluronic  acid  <HA>  in¬ 
teractions  with  fibrin (ogen)  were  done  using  the  soluble 
monomeric  form  of  this  protein,  fibrinogen.  Using  this 
approach  we  were  able  to  demonstrate  for  the  first,  time  that 
HA  binds  specifically  to  fibrinogen.  This  interaction  has 
been  characterized  and  some  of  the  molecular  aspects  of 
f ibr inogen-HA  binding  have  been  determined.  Since  the  1 n 
vivo  extracellular  matrix  at  a  wound  site  contains  fibrin  we 
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hav«  ai*o  •••••••d  HA  binding  to  fibrin.  Wa  prepared  fibrin 

monomer -Sepharoae  by  treating  f ibr inogen-Sepharoae  with 
thrombin  and  wa  than  determined  whether  125j-ha  would  bind 
to  thia  affinity  matrix.  125i-ha  did  bind  to  fibrin  monomer 
Sepharoae,  moreover,  the  amount  of  125x -radioactivity  bound 
to  identical  columna  of  f ibr Inogen-Sepharoae  and  fibrin  mon- 
omer -Sepharoae  did  not  differ  aignif icantly . 

E •  Effect  of  HA  oliooaaccharldea  on  binding  to  fibrinogen 

Initial  atudiea  indicated  that  there  waa  a  direct  r e - 
lationahip  between  HA  fragment  aize  and  fibrinogen  binding 
affinity.  We  have  further  characterized  thia  interaction  and 
now  know  that  an  HA  fragment  with  approximately  200  mon¬ 
osaccharide  reaiduea  ia  aa  effective  aa  high  molecular 
weight  native  HA  in  eluting  bound  125j-f ibrinogen  from 
HA-Sepharoae  (Figure  1).  Additionally,  the  amount  of 
125i-fibrinogen  bound  by  HA-Sepharoae  waa  directly  related 
to  the  aize  of  the  HA-amine  derivative  attached  to  the  re¬ 
sin  . 

F .  HA-flbrin  binding  and  ita  effect  on  fibrin 
polymerization  and  clot  formation 

Wa  have  propoaed  that  the  binding  of  HA  to  fibrin(ogen) 
could  influence  the  atructure  of  fibrin  matricea  and  reault 
in  stabilization  of  the  wound  matrix.  We  have  inveatigated 
thia  poaaibllity  by  clotting  fibrinogen  with  thrombin  either 
in  the  preaence  or  abaence  of  HA.  Clot  formation  ia  followed 
by  monitoring  the  change  in  optical  denaity  (e.g.  at  350  nm) 
over  time.  Reaulta  from  theae  atudiea  demonatrate  that  HA 
acceleratea  the  rate  of  polymerization  of  fibrin  monomera  in 
a  concentration  dependent  feahlon,.  Additionally,  fibrin 
matricea  containing  HA  have  a  greater  optical  denaity  than 
fibrin  matricea  without  HA.  If  our  reaulta  are  comparable  to 
earlier  atudiea  by  othera  on  fibrin  gel  formation,  then  the 
increaaed  optical  denaity  of  fibrin  gela  in  the  preaence  of 
HA  would  indicate  a  greater  degree  of  lateral  aaaociatlon 
between  fibrin  flbrila.  Thia  Increaaed  lateral  aaaociatlon 
could  reault  in  a  more  atable  fibrin  matrix. 


The  aignif icanca  of  the  above  atudiea  la  accentuated  by 
the  recent  finding  by  Gilula  and  hia  coworkera  that  fibrin 
ia  a  normal  component  of  the  extracellular  matrix.  The  in- 
tereat  in  the  reaulta  of  thia  work,  aupported  by  thia  OMR 
contract,  haa  been  great  3udging  by  the  number  of  reprint 
requeata  for  the  Journal  of  Theoretical  Biology  paper  pre- 
aenting  the  novel  wound  healing  model. 


